Sorghum bicolor (L.) Moench lines with genetic differences in photoperiod requirement were planted in the field near Plainview, Texas (about 340 northern latitude) around June 1 and treated with gibberellic acid (GA3) solutions applied in the apical leaf whorl. GA3 hastened the date of floral differentiation (initiation). The greatest responses to GA3 were by 90M and 100M, the latest of the genotypes, for which floral initiation dates were hastened an average of 19.5 and 21.7 days, respectively, for the 4 years beginning in 1980. There were very small differences in dates of anthesis between control and GA3-treated plants. Sorghum is a quantitative SD plant (8, 10, 20, 23, 26, 28) . Increasing night length in a 24-h cycle under both natural and growth room conditions hastens flowering. Floral initiation involves differentiation of the vegetative apical meristem into a floral meristem. Floral initiation is hastened by briefexposure to FR2 at the beginning of the dark period (8, 26) and by treatment with GA3 (26). The effects of FR and GA3 together are greater than either alone (26).
Sorghum is a quantitative SD plant (8, 10, 20, 23, 26, 28) . Increasing night length in a 24-h cycle under both natural and growth room conditions hastens flowering. Floral initiation involves differentiation of the vegetative apical meristem into a floral meristem. Floral initiation is hastened by briefexposure to FR2 at the beginning of the dark period (8, 26) and by treatment with GA3 (26) . The effects of FR and GA3 together are greater than either alone (26) .
Mutations of genes at four loci that influence the plant's photoperiod requirement for floral initiation (18, 20) have allowed construction of a set of 11 'maturity genotypes' in milotype sorghum that are near isogenic except for the photoperiodsensitive genes (19) . Some of these genotypes were used in the present study. When planted near 34°northern latitude on June 1 they reach photoperiodic sensitivity near the longest day of the year, the least favorable condition for flower initiation, and, subsequently, individual genotypes differentiate floral meristems successively over an approximately 40-day period.
Recently, the maturity genotypes have been characterized as to their photoperiodic and other developmental, behavioral and morphological parameters (14) . Genotypes with the allele designated ma3R exhibit characteristics associated with GA activity ( 14) , and these same characteristics were prompted or enhanced in non-ma3R genotypes by application of GA3 (15) . The studies involving effects of GA3 on flowering in sorghum have been limited to growth room environments, and floral initiation alone has been observed (14, 15, 26) . This situation suggested the need to better understand the effect of GAs on flowering in sorghum.
The present study was undertaken to determine whether GA3 will promote flowering of sorghum under noninductive, natural conditions and to characterize the subsequent flowering response. The results reveal a separation of floral initiation and floral development, which may reflect on the nature of the control processes. Treatments were begun about 9 d after planting and continued until floral initiation occurred, as determined by splitting the culm and using a hand lens to observe the state of differentiation of the apical meristem in selected plants (8 Fig. 3 , and after the first observation of floral differentiation, plants were harvested periodically, meristems were excised in the field, fixed in formalin/acetic acid/alcohol, and stored in 70% ethanol. The completed set of meristem samples was taken to College Station where they were dehydrated in an ethanol-tertiary butyl alcohol series and infiltrated-embedded in Paraplast medium. Embedded specimens were serially sectioned longitudinally at 12 um. The sections were mounted on slides and stained with 0.5% aqueous saffranin 0 and 0.5% fast green FCF in 95% ethanol. Coverslips were secured on the slides with Permount histological mounting medium, the specimens were observed microscopically, and selected ones were photographed (Fig. 3) . One row of plants provided data on days to anthesis, leafnumber, and height (Table  III) . Details of the 1985 sample collection sequence are given in Table II. RESULTS Initially, we observed anthesis rather than floral initiation, and GA3 did not change the dates of anthesis significantly. However, these experiments allowed trial and error adjustments of treatment details. The GA3 applications caused a visible increase in height of treated plants within 2 d of the first application and were repeated on alternate days, or less frequently, as needed to maintain a normal growth habit. When treatments were too frequent, plants became excessively elongated and fell over.
MATERIALS AND METHODS
Although GA3 had no effect on the date of anthesis, floral initiation was observed on selected plants in order to determine when GA3 treatments should be terminated so as not to modify the newly formed inflorescences. We observed that floral initiation occurred noticeably earlier in the GA3-treated plants than in control plants. The actual observation was that the apical meristem of the treated plants exhibited the morphology of a floral meristem (8) ; this system has been used over the years to obtain floral initiation dates that have proven consistent and reproducible (10, (18) (19) (20) . Subsequently, we observed the floral initiation dates for all treatments of all genotypes; GA3 obviously hastened floral initiation in at least 6 of the 8 genotypes (Fig. 1 ). GA3-treated plants of SM100, SM90, and SM60 initiated about 4 d earlier while treated 80M, 90M, and lOOM were 9, 20, and 20 d earlier, respectively, than control plants. Average anthesis dates, observed for all of the remaining plants in the experiment, were very similar for control and GA3-treated plants.
Since knowing only the dates of floral differentiation for the earliest plant in each plot for each genotype ( Fig. 1 ) could leave doubts as to how the other plants behaved, an experiment was conducted to provide floral initiation dates for all the plants in a population. The procedure was similar to that used before except that when the first plant with a floral meristem was observed the successively smaller plants were harvested in order and each meristem examined until an undifferentiated plant was examined. At that point the harvesting of plants was discontinued, the initiation date was recorded for each positive plant, and the next day the process was begun again and continued until the first uninitiated plant was examined. This procedure was repeated until all the plants in a plot had been examined; no dates were assigned to plants that were vegetative when they were harvested. Data from these populations revealed an obvious hastening of floral initiation by GA3 treatment (Fig. 2 ) and generally confirmed the findings of the previous year (Fig. 1) . Differences in floral initiation dates of control and GA3-treated plants were relatively small for genotypes SM100, SM90, SM80, and 60M, ranging from 2.2 to 5.3 d; however, the data were very uniform and the differences were statistically significant. The greatest hastening of floral initiation occurred for the latest genotypes, 90M and 100M.
Anthesis dates for GA3-treated and control plants in 1981 ( In an effort to determine why early floral initiation from GA3 applications did not also result in earlier anthesis, the effect of GA3 on leaf number was observed. This approach was taken because floral differentiation of the apical meristem normally ends leaf initiation (20) ; therefore, the GA3-treated plants should have fewer leaves than the control plants. Although the expected effect of GA3 on anthesis and floral initiation did occur, surprisingly, the number of leaves was not different in GA3-treated and control plants (Table I) . Height was reduced slightly and tillering was reduced substantially by treatment with GA3 (Table I) . Similar effects on tillering were observed in 1980 and 1981 for all genotypes (data not given), but the height reductions in GA3-treated plants were greater, especially for 90M and lOOM.
The next approach was to harvest apical meristems during the period between floral differentiation of GA3-treated and control plants and examine them microscopically. Floral differentiation of GA3-treated plants, as determined in the field with a hand lens, was first observed on July 22, 32 d after planting, while control plants differentiated 47 d after planting (Table II) ; results from microscopic evaluation of harvested meristems (Fig. 3) were in complete agreement with the field observations. GA3-treated menstems observed from plants 1 through 4 (Table II) harvested on d 32 and 33 (Fig. 3b) Fig. 3a) . In addition to elongation of the apical dome, meristems of GA3-treated plants exhibited lobes or ridges on the sides of the dome and the youngest leaf initial was displaced from the apical dome rather than tightly covering it, characteristics of floral initiation that were absent from control meristems (exemplified by Fig. 3, a, c , and e). With time, floral development first appeared to progress and then regress. The apical dome of the treated plant harvested on d 35 (Table II , plant 6) was even larger than those harvested earlier, the lateral lobes were larger and the youngest differentiated leaf was separated from the apical dome. In contrast, the next two sampling dates produced GA3-treated plant 11 harvested on d 39 (Table II) , which appeared to be stage 1 (8), while plant 8 harvested 2 d earlier had leafinitials immediately adjacent to apical dome ridges or lobes (Fig. 3d) . All subsequent GA3-treated meristems were more obviously florally differentiated, and the control meristems were clearly vegetative until d 47 (Fig.  3, a, c , and e are typical). On d 42 the apical meristem of a GA3-treated plant exhibited an obvious restriction below the extended apical dome and the dome had ridges along its sides (Fig. 30. This restriction appeared to be the initial stage of the panicle stalk (peduncle). After the first florally differentiated meristem was observed on a control plant, the apical meristems of both GA3-treated and control plants expanded rapidly, and panicle development was apparent from the deepening and apparent branching of the lobes. By d 60 inflorescence development was visibly identical for control and GA3-treated plants.
For the 1985 experiment, as in previous years, the number of days to anthesis was quite similar in control and GA3-treated plants (Table III) . The effect of the greater number of GA3 treatments was evident on height as the treated plants averaged 15 (Fig. 2) and was verified by detailed microscopic examination of apparently floral apical meristems (Fig. 3) . It is equally clear that GA3 had little or no effect on floral development of sorghum plants since dates ofanthesis were essentially the same for treated and control plants ( Figs. 1 and 2 ; Tables I-III; and text) . This leads us to the conclusion that the presence of a floral meristem does not drive subsequent floral development, and, consequently, floral initiation must be separate from floral development in sorghum. Both processes must be under photoperiodic control. Finally, the genetic control of floral initiation dates, i.e. the photoperiod requirement for floral initiation, influences the responsiveness of genotypes to GA3 treatment. The latest genotypes were most hastened by treatment, suggesting that earliness could be associated with higher levels of native GA activity. These points summarize the major findings and conclusions of the study.
The preceding discussion is based on the assumption that the morphological stages of floral differentiation described by Lane (8) d Appearing prior to floral initiation. GA3-treated plants developed some tillers which appeared after floral initiation; 90M had an average of 0.5 ± 1.3 and lOOM had an average of 1.3 ± 2.1 late tillers per treated plant. (13) . With the LD grasses, Lolium temulentum, Lolium perenne, and Cynosurus cristatus, floral initiation may occur from a minimal number of inductive cycles, the rate of floral development after initiation depends on the number of cycles and with marginal induction C. cristatus dedifferentiates its inflorescence via vegetative proliferation of its spikelets (5) . Thus, in grasses there seems to be ample evidence that a morphologically defined floral meristem can dedifferentiate to form a morphologically defined vegetative meristem or a chimera of floral and vegetative parts.
Interpretation of the present results also demands consideration of the leaf number data. Since leaf differentiation normally ends with conversion of the terminal meristem into a floral meristem, initiation fixes leaf number (20) . At a leaf differentiation rate of 2 to 3 d per leaf ( 18) , the 1 5-d delay of floral initiation in control versus GA3-treated plants realized in 1985 (Table II) should have resulted in 5 to 7.5 more leaves in the control plants, yet they averaged 4 fewer leaves per plant (Table III) . This difference is too large not to be real and is amplified by the fact that GA3-treated meristems appeared florally differentiated throughout the 15-d period (Fig. 3, b , d, f; Table II ). Our interpretation of this anomaly is that GA3 did indeed cause floral initiation. However, the subsequent floral development is concluded to require a SD signal from the leaves, and this signal does not occur until the control plants initiate and immediately begin rapid floral development ( Fig. 3 and text) . The lobes on the enlarged meristems of GA3-treated plants (pointed out by arrows in Fig. 3, d and t) are interpreted to be prepanicle branches, but those at the base of the meristems appear to have dedifferentiated into leaf primordia. These basal lobes are assumed to ultimately develop fully so that leaf numbers were not less in GA3-treated than control plants (Tables I and III) . This would be equivalent to the situation in GA3-treated S. cereale where a typical 'double-ridge' floral meristem appeared but subsequently the basal lobes elongated to form leaves (7, see Figs. [1] [2] [3] [4] [5] [6] . Our interpretation is supported by the fact that GA3 treatment of sorghum induces not one but several characteristics of the floral condition in a manner similar to that documented for barley (12) where GA3 promotion of floral initiation is well known (3, 7) . These characteristics include: (a) both elongation and widening of the apical meristem, (b) the absence of tightly appressed leaf primordia covering the apical dome, (c) the eventual occurrence of blunt lobes rather than obvious leaf primordia on the flanks of the meristem, and (d) development of a constriction below the apical dome. Our interpretation is further supported by the observations that: (a) both GA3 and FR at the end of the day are able to promote similar morphological changes in sorghum apices (8, 11, 15, 26) , (b) there is a parallel between the number of GA3 plus FR treatments and the stage of inflorescence development in sorghum 2 weeks after treatments began (27) , and (c) the SD monocot, Setaria italica (millet), is promoted to flower by FR at the end of the day and it subsequently develops inflorescences (4).
Recently, Rood et al. (21) identified the Zea mays GA12--GA, (17) pathway ofGA biosynthesis in sorghum, thus indicating that GA, may be an important GA in this species. Pharis et al. (16) have shown that in the LD grass L. temulentum tentatively identified, polyhydroxylated GAs (similar to GA8 and GA32 in HPLC behavior) increase in apices 3-to 5-fold after one inductive LD and that several applied GAs could induce floral initiation in plants under SD. Of the 5 GAs tested exogenously, GA32 was most effective in promoting floral initiation without promoting shoot elongation, a pattern of behavior most like natural initiation. In turn, GA, was least effective in the same comparison.
Thus, GA3 may not be the best GA to use to manipulate flowering in sorghum, and a more complete characterization of the natural GAs in sorghum may allow a fuller understanding of the control of flowering in this species.
Hastening of floral initiation by GA3 is more common in LD than SD plants (see reviews in 9, 24); therefore, if the GA effect is related to the natural mechanism of initiation control, it appears inconsistent for the GA effect to occur on SD plants. In other words, if LD cause increased GA levels that promote floral initiation in LD plants, application of GA to SD plants would not be expected to promote floral initiation since these plants don't initiate under LD. This anomaly may be partly explained by the strong tendency of sorghum not to proceed with floral development, even when promoted to initiate by GA3 treatment. The fact that even though GA3 treatment was continued in one experiment well past the time of floral initiation, without promoting floral development ( Fig. 3 ; Table II ), suggests that rather than failing to receive a promotive signal, these plants may receive a floral inhibitor which prevents the unrestricted action ofGAs and other potential floral promoters. Thus, sorghum may flower in response to a balance ofpromoter(s) and an inhibitor(s) that shifts toward promoter(s) with declining day length. Although this hypothesis is neither unique to our work nor the only one possible, its standing is promoted in our view by the strong separation offloral initiation and development in sorghum and the strong resistance of the plant to continue development under noninductive conditions after forming a floral meristem.
